Background Gastroesophageal reflux disease (GERD) affects nearly 25 % of adults; however, an objective diagnosis is rarely established. We hypothesized that patients' symptoms and response to acid-reducing therapy are poor predictors of the outcome of 24-h esophageal pH monitoring. Methods A review of 24-h esophageal pH monitoring studies performed at an ambulatory tertiary care center between 2004 and 2011 was performed. Demographics, type of GERD symptoms, and duration and response to acid-reducing medications before referral for pH monitoring were collected. DeMeester score, symptom sensitivity index (SSI), and symptom index (SI) were tabulated and compared with the patients' symptoms and response to medical therapy. Results One hundred patients were included. Of all reported symptoms, only heartburn was more common in patients with positive DeMeester scores, but there were no correlations between any symptoms and SSI or SI scores. Sixty-nine percent of patients with esophageal symptoms had a positive DeMeester score compared with only 29 % of patients with extraesophageal symptoms (P \ 0.01). Esophageal symptoms and endoscopic evidence of GERD significantly increased the likelihood of having a positive DeMeester score, but they had no influence on SSI or SI scores. There was no correlation between response to acidreducing medications and DeMeester, SSI, or SI scores. A total of 536 person-years of acid-reducing medications were prescribed to the study population, of which 151 (28 %) were prescribed to patients who had a negative pH study. Conclusions Extraesophageal symptoms and response to empiric trials of acid-reducing medications are poor predictors of the presence of GERD and the DeMeester score is more likely to identify GERD in patients who met other empiric diagnostic criteria than SSI or SI. Early referral for 24-h esophageal pH monitoring may avoid lengthy periods of unnecessary medical therapy.
Despite the frequency with which GERD is encountered in clinical practice, a standard definition and diagnostic algorithm have not been universally adopted. The Montreal consensus group defined GERD as a condition where ''reflux of stomach contents causes troublesome symptoms and/or complications,'' [5] whereas the Brazilian consensus definition added a mechanistic explanation, stating that GERD is ''related to the retrograde flow of gastroduodenal contents into the esophagus and/or adjacent organs, resulting in a variable spectrum of symptoms, with or without tissue damage'' [6] . GERD can present with esophageal syndromes characterized by ''typical'' symptoms, such as reflux esophagitis, esophageal stricture, Barrett's metaplasia, or extraesophageal syndromes, characterized by ''atypical'' symptoms, such as chronic cough, laryngitis, asthma, dental erosions, sinusitis, and pulmonary fibrosis [7] [8] [9] [10] [11] [12] [13] .
The American Gastroenterological Association (AGA) recommends treating patients who present with GERD symptoms with an empiric 8 week trial of twice-daily PPIs without definitively establishing the diagnosis [14] [15] [16] [17] . Further diagnostic evaluation with esophagogastroduodenoscopy (EGD) or esophageal pH monitoring are only recommended after failure of medical therapy or in the presence of ''alarm symptoms,'' such as dysphagia, bleeding, weight loss, epigastric mass, or anemia.
Twenty-four-hour ambulatory pH monitoring directly measures the extent and frequency with which acid refluxes into the esophagus and has been shown to be the most sensitive and specific test to objectively diagnose GERD [18] [19] [20] [21] [22] [23] . Multiple scoring systems have been proposed to quantify the results of pH monitoring studies; however, no single system has gained general acceptance as the ''gold standard'' [24] . The DeMeester score utilizes a 6-point composite scoring system that considers the percent and total amount of time the esophageal pH is\4 in the upright and supine positions, total number of reflux episodes, number of reflux episodes lasting [5 min, and the duration of the longest episode [25, 26] . The symptom sensitivity index (SSI) is calculated by dividing the number of symptom-associated reflux episodes by the total number of reflux episodes 9 100 % [27] . The symptom index (SI) is calculated by dividing the number of reflux-related symptom episodes by the total number of symptom episodes 9 100 % [28] . The symptom association probability (SAP) is calculated by dividing the study period into consecutive 2 min segments and then using the Fisher's exact test to determine the statistical association between reflux events and symptoms [29] .
We hypothesized that current clinical practice guidelines often result in lengthy courses of acid-reducing medications without objective evidence of GERD and that the response to empiric trials of medical therapy is a poor predictor of an abnormal pH monitoring study. Furthermore, we evaluated the correlation between signs and symptoms that are commonly used to empirically diagnose GERD and the objective diagnosis of GERD when the DeMeester, SSI, and SI scoring systems are used.
Materials and methods

Study design
A retrospective review was performed of patients who underwent 24-h two-channel esophageal pH monitoring studies at a single academic institution between 2004 and 2011. Patients who previously underwent antireflux surgery or who had insufficient historical data in their medical records were excluded. Information was collected on patients' age, sex, type of GERD symptoms, results of previous esophagogastroduodenoscopies (EGD), duration of acid-reducing medication use before referral for pH monitoring, and response to prior medical therapy. Esophageal symptoms were defined as regurgitation, heartburn, and dysphagia and all other symptoms were considered extraesophageal. Endoscopic evidence of GERD was defined as the presence of erosive esophagitis, gastroesophageal stricture, Barrett's metaplasia, or direct observation of reflux of gastric contents. Response to acidreducing medications was divided into four categories: none, complete, partial, and relapse of symptoms (symptoms recurred at any time following an initial complete response). The Institutional Review Board of Weill Cornell Medical College approved this study.
All patients were evaluated with a Given Imaging Digitrapper Ò pH Z Monitoring System (Yoqneam, Israel). The probe was placed 5 cm above the proximal boarder of the lower esophageal sphincter established by esophageal manometry. Patients were instructed to eat three regular meals, maintain regular activity, and sleep supine during the study. All probes were placed in the early morning to ensure that breakfast, lunch, and dinner were captured in the study period. Patients were instructed to cease taking PPIs and H2 blockers for 2 weeks before the study and were not allowed to take any medications that alleviated their symptoms or affected esophageal motility or function (including muscle relaxants). During the monitoring period, patients pressed an event button each time they experienced symptoms and kept a diary of these symptoms, their diet, and activities. For each patient, DeMeester, SSI, and SI scores were tabulated. A DeMeester score C14.7, an SSI score C10 %, and an SI score C50 % were considered positive studies. SAP was not evaluated for this study, because it could not be calculated with the monitoring system that was used during the study period.
Outcomes and statistical analysis
Patients were grouped by type of GERD symptoms (esophageal vs. extraesophageal) and then by response to acid-reducing medications (complete, none, partial, and relapse) for analysis. The two primary outcomes were frequency of a positive pH monitoring study and the duration of treatment with acid-reducing therapy before referral for pH monitoring. Multivariate logistic regression was used to determine the influence of esophageal GERD symptoms, endoscopic evidence of GERD, and response to empiric acid-reducing medication trials on the outcome of the pH monitoring study using three difference scoring systems to define a positive study (DeMeester, SSI, and SI scores).
P values were calculated by using Fisher's exact test, Student's t test, Wilcoxon rank-sum test, or Kruskal-Wallis test as appropriate. Variables that followed a normal distribution are presented as mean ± standard deviation (SD), whereas those that were not normally distributed are presented as median (range). Statistical analysis was performed by using STATA 12.0 (College Station, TX).
Results
A total of 160 patients were reviewed; 60 patients were excluded due to prior antireflux surgery or incomplete medical records, thus leaving 100 patients for analysis. SSI and SI scores could not be calculated for three patients due to incomplete symptom diaries. Patients who had a positive 24-h pH monitoring study using all three scoring systems were well matched on age and gender to those who tested negative with the exception of SSI in which patients in the negative group were more likely to be female (75 vs. 50 %, P = 0.02; Table 1 ).
Ninety-nine of 100 patients underwent a diagnostic EGD as part of their initial GERD evaluation before 24-h pH monitoring. Endoscopic evidence of GERD was found in 35 % of patients with a positive DeMeester score compared with only 8 % of those with a negative DeMeester score (P \ 0.01; Table 1 ). No differences in the frequency of endoscopic evidence of GERD were noted between patients with positive SSI or SI scores.
Heartburn was more common among the positive DeMeester patients compared with negative DeMeester patients (63 vs. 40 %, P = 0.02); however, there were no other significant associations between any given symptom and the results of the pH study using any of the three scoring systems (Table 1) .
Sixty-nine percent of patients with esophageal GERD symptoms had a positive DeMeester score compared with 29 % of patients with extraesophageal symptoms (P \ 0.01); however, there were no differences in the results of the studies between patients with esophageal versus extraesophageal symptoms when SSI and SI scores were used (Table 2) . When patients were grouped by response to acid-reducing medications, there were no differences in the frequency of positive studies using DeMeester, SSI, or SI scores (Table 2) . Multivariate logistic regression analysis was then performed to assess the influence of three common clinical parameters on the outcome of the pH monitoring studies. History of esophageal symptoms, endoscopic evidence of GERD, and response to acid-reducing medications were used as the independent variables, and the model was repeated three times using positive DeMeester score, positive SSI score, or positive SI score as the dependent variable. Esophageal symptoms [odds ratio (OR) 6.36; 95 % confidence interval (CI) 1.8-22.41] and endoscopic evidence of GERD (OR 6.71; 95 % CI 1.69-26.58) significantly increased the risk of having a positive DeMeester score (P \ 0.01); however, this was not observed when SSI and SI scores were used to define a positive study (Table 3) .
Finally, duration of acid-reducing medication treatment before referral for pH monitoring was compared between patients with esophageal versus extraesophageal symptoms and also by response to acid-reducing medication. Patients with a history of esophageal symptoms were treated significantly longer than those with extraesophageal symptoms [median 4 (range 0-40) years vs. median 1 (range 0-25) years; P = 0.01; Fig. 1a] . When grouped by medication response, patients who had a complete response had the shortest duration of treatment before testing [median 1.0 (range 0.2-10) year), followed by no response (median 2.0 (range 0-16) years], partial response [median 3.8 (range 0.1-25) years], and finally relapse of symptoms [median 7.5 (range 3-40) years; P \ 0.01; Fig. 1b] . In total, 536 person-years of acid-reducing medication were prescribed before pH testing, of which 151 (28 %) were prescribed to patients who had a negative DeMeester score.
Discussion
GERD is the most common gastrointestinal diagnosis encountered by physicians in outpatient clinics [3] , yet due to the myriad of ways the disease can manifest and the variety of other potentially serious conditions that can present with GERD-like symptoms, arriving at an accurate diagnosis can be frustratingly difficult. Twenty-four-hour esophageal pH monitoring is an attractive method to objectively diagnose GERD at relatively low cost and good patient tolerability. However, a major limitation of this test is the lack of consensus on which scoring system results in the most accurate diagnosis of GERD. Therefore, in this study we employed three commonly used systems (DeMeester score, SSI, and SI) in a side-by-side fashion to allow for direct comparisons between all three systems.
Our findings suggest that the recommendation to perform pH monitoring only after a failed 8 week empiric trial of twice-daily PPIs and a negative EGD [16, 17] may require reconsideration. We found that the response to empiric trials of acid-reducing medication had no correlation with the results of the pH monitoring studies. Furthermore, patients who failed an empiric trial of medication reported being treated for a period that far exceeds the recommended 8 week course. Finally, we found that nearly one-third of the person-years of acid-reducing medication that were prescribed belonged to patients who ultimately had no evidence of GERD on pH monitoring, thus imposing a substantial costly and potentially hazardous burden on those patients.
The multivariate logistic regression model was included to determine whether the three scoring systems were able to identify patients that met common clinical diagnostic criteria for GERD. In both the univariate and multivariate analyses, we saw that esophageal symptoms and endoscopic evidence of GERD were strongly associated with a positive DeMeester score; however, this was no longer observed when SSI and SI scores were used to define a positive study. One possible explanation for this is that the SSI and SI scores rely on correlation between patients' symptoms and reflux events. As such, these scoring symptoms may not work as well for patients with extraesophageal symptoms, because they often are unaware that their symptoms are associated with reflux. The SAP scoring system can potentially mitigate this issue by accounting for statistical associations between the temporality of symptoms and reflux events and not simply the total numbers of each [30] . Although we were unable to tabulate SAP scores in this report due to limitations of the equipment that was used during the study period, it will be evaluated in future studies. Several authors have documented the misuse of PPIs among patients who either did not meet established criteria for requiring acid-suppressive therapy or for whom a less powerful agent would have sufficed [31] [32] [33] [34] . Gawron et al. [35] recently performed a survey of 90 patients who had a negative pH monitoring study and found that 42 % of them continued to use PPIs afterwards and only 19 % recalled being told to discontinue them. Although PPIs are generally well tolerated, they have been linked to several rare but serious side effects, such as an increased risk of community-acquired pneumonia, gastric polyps, gastric hyperplasia, hypomagnesemia, iron and B12 deficiencies in the elderly, increased risk of fractures, and a potential interaction with clopidogrel [36] [37] [38] [39] . Although many of the early concerns regarding these side effects have not been validated with recent, long-term, follow-up studies [37, 39] , all medications have a risk of side effects and associated costs. Therefore, every effort should be made to avoid prescribing medications unnecessarily.
Several investigators have noted previously a lack of correlation between patients' symptoms and the presence of GERD. In a review of 336 consecutive patients who completed the validated gastroesophageal reflux disease questionnaire (GerdQ) before undergoing pH monitoring, Chan et al. [40] found that only a history of heartburn, hiatal hernia, and male gender were associated with an abnormal pH study. However, these questions alone were unable to accurately predict the presence of GERD. Similarly, Lacy et al. [41] found that only the GerdQ subscale for regurgitation was positively associated with an abnormal pH study. In a review of 397 patients who were diagnosed with a primary esophageal motility disorder (PEMD), Patti et al. [42] found that 25 % of patients with a PEMD were previously treated with PPIs for what was presumed to be GERD, and they also found that symptoms alone were unable to distinguish GERD from PEMDs. Therefore, all patients with a negative pH monitoring study should be promptly referred to a specialist in esophageal disorders for further workup of their symptoms.
There are several limitations of this study. First, patients were selected from those referred for pH monitoring and not from all patients suffering from GERD symptoms. It is likely that many patients who responded well to acidreducing medication were never referred for pH monitoring, thus introducing selection bias that skewed the study population toward ''difficult'' cases whose symptoms were refractory to medical therapy. Thus, it is possible that these findings may be applicable only to more complex cases where the symptoms are nonspecific and the diagnosis is less clear. Second, pH monitoring using a traditional 2-channel system only offers 24 h of observational data and cannot detect nonacid reflux events. Wireless (Bravo) pH monitoring systems enable clinicians to extend the study period from 24 to 48 h, which has been shown to increase the percentage of patients with positive SAP scores from 34 to 48 % [43] . Tseng et al. [44] also showed that 48-h wireless studies identified 22 % more patients with DeMeester scores [14.7 compared with a single 24-h period. However, there are specific drawbacks to the wireless Bravo probe. Iqbal et al. [45] discussed the increased incidence of false-positive studies due to premature release of the probe from the esophageal wall. Moreover, Ayazi et al. [46] showed that the discrepancy in 24 versus 48-h testing is likely associated with the degree of deterioration of the lower esophageal sphincter and their group concluded that fluctuations in pH monitoring may be associated with less severe reflux. Another major drawback to the 48-h and longer systems is that these implantable devices currently lack the ability to measure non-acid reflux. Impedance monitoring, which is currently only available on the 24-h wired system, enables detection of nonacid reflux. Many would argue that acid-reducing medications are unlikely to provide any benefit for patients with nonacid reflux and, in fact, they have been shown to actually increase the frequency of nonacid reflux events [47, 48] . Ultimately, subgroup analysis is warranted to determine the benefits of medical and surgical management for all types of reflux.
These data highlight the limited ability of any single evaluation tool (symptoms, empiric trials of acid-reducing medication, endoscopy, and ambulatory pH monitoring) to diagnose GERD accurately in all patients. Future studies focusing on the use of multiple scoring systems to correlate with both objective and subjective endpoints are needed. Furthermore, it would be interesting to examine how these various preoperative evaluation tools correlate with outcomes of patients who ultimately undergo antireflux surgery.
Conclusions
We have shown that extraesophageal GERD symptoms and response to empiric trials of acid-reducing therapy are poor predictors of the presence of GERD as diagnosed by pH monitoring studies. Moreover, DeMeester score and endoscopy performed better than SSI and SI at correctly diagnosing pathologic GERD. Delayed referral for esophageal pH monitoring often results in lengthy periods of unnecessary medical therapy. Patients with normal pH monitoring studies warrant further investigation for alternative causes of their symptoms.
